1. Introduction {#sec0005}
===============

Obscure gastrointestinal bleeding (OGIB) from the small intestine has been a diagnostic and therapeutic challenge. Despite the current array of diagnostic studies, identification of the causative pathology may be elusive, particularly when the bleeding is intermittent. Herein, we present a new technique of combining selective angiography with intraoperative indocyanine green injection and focused enterectomy.

2. Presentation of case {#sec0010}
=======================

A 95-year-old Japanese male was referred to our hospital with a suspected cerebral stroke in February 2015. He had experienced impairment of consciousness and his daughter discovered him unconscious near his bed. The patient was 167 cm in height and weighed 55.5 kg. Physical examination revealed bruises as the source of his pain on his right shoulder and knee. He had a past medical history of cerebral infarction, congestive heart failure, chronic renal failure, and hypertension. His body temperature was 37.8 °C, blood pressure was 178/79 mmHg, white blood cell count was 12,100/μL, haemoglobin level was 9.7 g/dL, creatinine level was 1.73 mg/dL, creatine kinase level was 3910 U/L, and C-reactive protein level was 19.56 mg/dL. During the admission, he presented with hematochezia, haemoglobin level of 6.0 g/dL, and symptomatic blood transfusion-dependent anemia. Upper and lower GI endoscopy images were normal. Initially, a double-balloon enteroscopy could not establish the source of intestinal bleeding. A selective angiography of the first jejunal branch of the superior mesenteric artery revealed an arteriovenous malformation as the source of bleeding ([Fig. 1](#fig0005){ref-type="fig"}). Intraoperatively, diluted 2-mL ICG (Diagnogreen 0.5%; Daiichi Sankyo Co., Tokyo, Japan) was then injected via the selective angiographic microcatheter, immediately staining a 8-cm segment of the proximal jejunum. We recognized that the region was green in color ([Fig. 2](#fig0010){ref-type="fig"}), and the region could be easily and clearly visualized by the ICG fluorescence imaging (IFI) device (Photo dynamic emission camera; Hamamatsu Photonics K.K., Hamamatsu, Japan). The region was recognized as dilated marginal arteries ([Fig. 3](#fig0015){ref-type="fig"}A) and small patchy areas ([Fig. 3](#fig0015){ref-type="fig"}B) in ICG stained jejunum. A 10-cm segment of the jejunum was resected from the near ligament of Treitz. Macroscopically, the mucosa of the resected specimen was patchy greenish ([Fig. 4](#fig0020){ref-type="fig"}). Microscopic examination revealed both thick- and thin-walled arteries and veins. Histological evaluation of the region revealed an intact mucosal cover and numerous abnormal vessels in the submucosa. The AVM diagnosis was characterized in the absence of malignancy ([Fig. 5](#fig0025){ref-type="fig"}). The patient denied any signs or symptoms of postoperative GI bleeding until he was dead due to congestive heart failure and aspiration pneumonia five months after operation.

3. Discussion {#sec0015}
=============

Obscure GI bleeding (OGIB) is bleeding from an unknown origin that persists or recurs after an initial negative endoscopic evaluation, including esophagogastroduodenoscopy (EGD) and colonoscopy [@bib0005]. The incidence of OGIB occurring between the ligament of Treitz and the ileocecal valve is only 5% [@bib0010]. The incidence of OGIB occurring because of small intestine angiodysplasia, the most common cause in older patients, is approximately 30--40% [@bib0015]. In patients aged less than 50 years, the most common sources are tumors, such as leiomyoma, leiomyosarcoma, carcinoid, lymphoma, and adenocarcinoma [@bib0020]. Common vascular lesions of the small intestine include angiodysplasia, telangiectasia, arteriovenous malformation, haemangioma, phlebectasia, and Dieulafoy's lesion [@bib0025][@bib0030]. However, the clinically distinguishing vascular malformation is sometimes difficult because these lesions have similar endoscopic appearances. Intestinal AVMs have been described as flat or mildly elevated hemorrhagic spots or erosions, whereas others lesions appear as a mass or polypoid lesions [@bib0035], [@bib0040], [@bib0045]. Therefore, in our case, the bleeding source could not be detected by a double-balloon enteroscopy. AVMs present with aberrant vessels with thickened, hypertrophic walls having varied thickness. An elastic segment can mimic areas with arterial features, such as an internal elastic layer, that interconnects with segments of veins with no internal elastic layer [@bib0050].

An algorithm for the diagnosis and management of obscure GI bleeding was proposed in 2005 [@bib0055]. In patients presenting with OGIB, EGD and colonoscopy should be performed. Overall, 20--30% of patients undergoing evaluation for obscure bleeding have lesions in the upper and lower GI tracts that may be missed on initial endoscopic evaluation [@bib0060][@bib0065]. Therefore, a second endoscopy evaluation should also be considered before proceeding with capsule endoscopy. Video capsule endoscopy (VCE) should be considered next for patients with GI bleeding if findings on EGD and colonoscopy are negative.

Mesenteric angiography is typically reserved to evaluate patients with OGIB. Diagnostic yield ranges from 27% to 77% for lower GI bleeding [@bib0070]. The use of methylene blue dye to aid the localization of these obscure sources of GI bleeding is well described in the literature. In 1978, the first case was reported, wherein 10 mL of methylene blue were injected in the superior mesenteric artery by intraoperative angiography [@bib0075]. Numerous case reports using similar techniques have described intraoperative enteric mapping of the small intestine lesion using methylene blue, followed by surgical exploration and selective resection [@bib0080], [@bib0085], [@bib0090].

There was an another technique used in a patient with angiodysplasia of the small intestine, wherein preoperative localization was done using percutaneous computed tomography (CT)-guided injection of methylene blue dye. This CT-guided percutaneous technique is potentially useful for enteric mapping prior to definitive surgical resection [@bib0095].

In our new technique, we injected 2 mL of ICG in the superior mesenteric artery by intraoperative angiography, and the region was immediately recognized owing to green in color. The region could be easily and clearly visualized by the ICG fluorescence imaging (IFI), where dilated marginal arteries and small patchy poolings of ICG were recognized. Ultimately, the region was diagnosed as an AVM of the jejunum. Subsequently, a short segment of the lesion was safely and accurately resected. To our knowledge, this is the first reported description of this technique.

4. Conclusion {#sec0020}
=============

Localization of OGIB of the small intestine continues to be a challenge. Our new technique of combining selective angiography with intra-operative indocyanine green injection and focused enterectomy is a safe, accurate, and cost-effective treatment. Based on our results, we recommend this novel method in such cases.
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![A selective angiography for first jejunal branch (black arrow) of superior mesenteric artery showed poolings of the vessels and revealed an arteriovenous malformation as the source (white arrows).](gr1){#fig0005}

![Dilute ICG (2 mL) was injected via the selective angiographic microcatheter, immediately staining a 8 cm segment of the proximal jejunum, and the region was recognized by the green color observed (arrow).](gr2){#fig0010}

![The region was observed using a fluorescence imaging device. The region could be easily and clearly visualized by the ICG fluorescence imaging (IFI), where dilated marginal arteries at an early phase (arrows) (A) and small patchy poolings of ICG at a late phase (oval) (B) were recognized.](gr3){#fig0015}

![Macroscopically, the mucosa of the resected specimen was patchy greenish (arrows), but the mucosa was almost intact.](gr4){#fig0020}

![Microscopic examination with elastica-masson staining revealed thick-and thin-walled sized arteries and veins (arrows). Histological evaluation revealed that the region showed an intact mucosal cover and numerous abnormal vessels in the submucosa (low-power magnification).](gr5){#fig0025}
